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7KHDLPRI WKHVODNHGXUDELOLW\ WHVW LV WRSURYLGHDQ LQGH[ WKDW LVUHODWHG WRUHVLVWDQFHRI URFNDJDLQVWGHJUDGDWLRQ
ZKHQVXEMHFWHGWRWZRVWDQGDUGF\FOHVRIZHWWLQJDQGGU\LQJ>@
7KH VODNH GXUDELOLW\ LQGH[ FDQEH FRQVLGHUHG WR EH RQHRI WKHPRVW LPSRUWDQW SURSHUWLHV IRU VKDOHV FOD\EHDULQJ
URFNVDQGVLPLODUZHDNURFNV7KHUHVXOWVRIVODNHGXUDELOLW\WHVWDUHDIIHFWHGE\WKHIROORZLQJIDFWRUV>@
x 3RURVLW\DQGSHUPHDELOLW\RIWKHURFNWHVWHG
x 1DWXUHRIWKHWHVWLQJIOXLG
x 5HVLVWDQFHRIURFNVDJDLQVWVZHOOLQJDQGGLVLQWHJUDWLRQ
x 3URILOHRIVDPSOHSLHFHV
x 6L]HDQGZHLJKWRIVDPSOHV
x 3URSHUWLHVRIWHVWLQJHTXLSPHQW
x 6WRULQJFRQGLWLRQVRIVDPSOH
x 1XPEHURIZHWWLQJGU\LQJF\FOHV
7HVWVRPLWWLQJDQ\RIWKHIDFWRUVOLVWHGDERYHZRXOGOHDGWRHUURQHRXVUHVXOWV>@2QHRIWKHVHSDUDPHWHUVLVWKH
SURILOHVL]HDQGZHLJKWRIWKHURFNVDPSOHVXVHGLQDWHVW,WLVUHFRPPHQGHGLQ>DQG@VWDQGDUGVWKDWWKHSURILOHV
RI URFN VDPSOHV VKRXOG EH DV FORVH WR VSKHULFDO DV SRVVLEOH HDFK KDYLQJ D PDVV EHWZHHQ  WR  JUDPV
1HYHUWKHOHVVSUHSDUDWLRQRIQHDUO\VSKHULFDOVDPSOHVFRXOGEHWLPHFRQVXPLQJRUVRPHWLPHVYHU\GLIILFXOW>@
)RUWKLVUHDVRQVRPHUHVHDUFKHUVKDGWRXVHVDPSOHVWKDWFRXOGQRWEHURXQGHGLQWKHLUVODNHGXUDELOLW\LQGH[WHVWV
0RUHRYHUVRPHVWXGLHVZHUHSHUIRUPHGWRLQYHVWLJDWH WKHHIIHFWVRIVDPSOHSURILOHDQGLUUHJXODULWLHVRQWKHVODNH
GXUDELOLW\ LQGH[ WHVW'LIIHUHQW SURILOHV GLVSOD\HGGLIIHUHQWPHFKDQLVPV LQ WKH VODNLQJ SURFHVVHV ,UUHJXODU VKDSHV
WHQGHG WRKDYHD ORZHU,GFRPSDUHG WRVDPSOHV WKDWKDGURXQGHGVKDSHV>@,WZDVGHWHUPLQHG WKDW GLIIHUHQFHV
IURP  WR ZHUH REVHUYHG LQ ,G YDOXHV RI URXQGHG DQG DQJXODU VDPSOHV WDNHQ IURPPDVVLYH URFNV QRW
VKRZLQJDQ\ODPLQDWLRQRUEHGGLQJSODQHV>@
,Q WZRVWXGLHVSHUIRUPHGE\ >@GLIIHUHQWSURILOHVRI URFNVZHUHEURNHQ LQWRFKXQNVDQGZHUH LQWHQWLRQDOO\
VKDSHGDVDQJXODUVXEDQJXODUDQGURXQGHGDQG WHVWHGIRUVODNHGXUDELOLW\%HIRUH WHVWLQJ WKHDJJUHJDWHSLHFHVRI
HDFKURFNW\SHWKHLUVXUIDFHURXJKQHVVZDVGHWHUPLQHGE\XVLQJWKHIUDFWDOGLPHQVLRQ7KHYDULDWLRQEHWZHHQWKH
ORZHUDQGWKHXSSHUH[WUHPHVRIWKHVODNHGXUDELOLW\LQGLFHVUDQJHVIURPWRIRUWKHORVVHVEHWZHHQWKHILUVW
DQGIRXUWKZHWWLQJGU\LQJF\FOHVRIDGLIIHUHQWJURXSRIDJJUHJDWHSURILOHV>@
7KHDLPRI WKLVVWXG\ LV WRVXJJHVWDPHWKRGRISUHSDUDWLRQRIVSKHULFDOVDPSOHVXVHGLQVODNHGXUDELOLW\ WHVWDQG
DSSO\WKLVQHZPHWKRGRQPDUOVDPSOHVFROOHFWHGDW WKHFRDOTXDUU\ORFDWHGDW.XWDK\DLQ7XUNH\,WDOVRDLPVWR
FDUU\RXWVODNHGXUDELOLW\WHVWRQWKHVHSUHSDUHGVDPSOHVDQGWRFRPSDUHWKHUHVXOWVZLWKWKHSUHYLRXVVWXGLHV

0DWHULDOVDQGPHWKRGV

2.1. Rock Samples 

0DUO URFN XVHG LQ WKLV VWXG\ ZDV FROOHFWHG IURP 7XQFELOHN /LJQLWH 2SHQ 3LW 0LQH RSHUDWHG E\ *DUS /LJQLWH
(QWHUSULVH */, ORFDWHG DWZHVWHUQ SDUW RI 7XUNH\$ JHRORJLFDOPDS VKRZLQJPDUO URFN VDPSOHV ORFDWLRQ LQ D
FRDOPLQH LQ WKH EDVLQ LV SUHVHQWHG LQ )LJXUH  7KH VWUDWLJUDSK\ LV VXPPDUL]HG EHORZ 7KH PHWDPRUSKLF DQG
RSKLROLWLFURFNVDQGJUDQLWHVRIWKH3UH1HRJHQHDJHIRUPWKHEDVHPHQWRIWKHEDVLQ
7KHFRDOEHDULQJ7XQFELOHN)RUPDWLRQLQWKHEDVLQZDVFRQIRUPDEO\XQGHUODLQE\IOXYLDOGHSRVLWVRIWKH0LRFHQH
%HNH)RUPDWLRQDQGFRQIRUPDEO\RYHUODLQE\VDQGVWRQHWXIILWHRI WKH0LRFHQH%HVLNWHSH)RUPDWLRQDQG3OLRFHQH
YROFDQLFV IOXYLDOODFXVWULQH GHSRVLWV 7KH FRDOEHDULQJ 7XQFELOHN )RUPDWLRQ LQ ODWHUDOYHUWLFDO GLUHFWLRQ ZDV
GHYHORSHG LQ ODFXVWULQH IDFLHV PXGVWRQH FOD\VWRQH FRDO DQGPDUO 'HPLUELOHN0HPEHU .DUD\LJLW DQG &HOLN
0LQHUDORJLFDOVWUXFWXUHRIPDUOVFRQVLVWVRITXDUW]FDOFLWHDQGGRORPLWH%H\KDQ





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
)LJXUH*HRORJLFDOPDSVRIWKH7XQFELOHNEDVLQIURP&HOLN>@
2.2. Sphere Sample Preparation Method 

7KHSUHSDUDWLRQRIHTXDOVL]HGVSKHUH WHVW VDPSOHVFRQVLVWVRI WKUHHVWDJHV)LUVW VWDJH LV WRFXWFXEHVZKRVHVLGH
PDWFKHVWKHILQDOVSKHULFDOVDPSOHGLDPHWHUIURPFROOHFWHGURFNVDPSOHV$WWKLVVWDJHWKHOHQJWKRIFXEHHGJHLV
FDOFXODWHGDV IROORZV WKH ILQDO VDPSOHZHLJKW LV UHTXLUHG WREHJE\VWDQGDUGV7KHUHIRUH WKHGLDPHWHURI WKH
VSKHULFDOVDPSOHLVFDOFXODWHGIURPYROXPHDQGGU\GHQVLW\RIWKHURFN6HFRQGVWDJHLVWRFXWFXEHVWRIRUPDSUH
VSKHUHVKDSHZKLFKLVFDOOHGDV3DVKD&XW3DVKDFXWLVSHUIRUPHGLQWZRVWHSV7KHILUVWVWHSLVWRFXWWKHHGJHVRI
FXEH6HFRQGVWHSLVWRFXWWKHFRUQHUVRIWKHVDPSOHVDIWHUILUVWVWHS)LJXUHD>DQG@

 
)LJXUHD3DVKD&XWILUVWVWHSHGJHFXW  )LJXUHEVHFRQGVWHSFRUQHUFXW
3DVKDFXWLVWKHLGHDOFXWWRSUHSDUHVSKHUHVDPSOH7KHYROXPHUDWLRRIVDPSOHVFXWDFFRUGLQJWRSDVKDFXWWRVSKHUH
VDPSOHVLVPHDQLQJWKHYROXPHRISDVKDFXWLVKLJKHUWKDQVSKHUHYROXPH)LJXUHE>DQG
@ 7KH ILQDO VWDJH LV WR REWDLQ HTXDO VL]HG VSKHUH VDPSOHV IURP SUHVSKHUH VKDSHG VDPSOHV E\ PHDQV RI DQ
LQVWUXPHQWDOPRGLILFDWLRQ$IWHU SDVKD FXW VWHS VDPSOHV DUH SODFHG LQWR VSKHUH SUHSDUDWLRQPDFKLQH &RYLQJWRQ
EUDQG6SHFLDOFXWWHUFXSVKDYLQJDGLDPHWHURIPPZHUHGHVLJQHGDQGPDQXIDFWXUHG$EUDVLYHPDWHULDOXVHGLQ
WKHVHFXSVLVGLDPRQG7KHGHVFULEHGVDPSOHSUHSDUDWLRQSURFHVVLVFDOOHG3DVKD0HWKRG>DQG@

2.3. Slake Durability Test 

,QWKLVVWXG\WKH6',WHVWZDVFRQGXFWHGWKHPDUOURFNVDPSOHVLQDFFRUGDQFHZLWKERWK$670DQG,650VWDQGDUGV
XVLQJD6WDQGDUGVODNHGXUDELOLW\WHVWDSSDUDWXV7ZRGLIIHUHQWVDPSOHVZHUHSUHSDUHGURXQGHGVDPSOHVDFFRUGLQJWR
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VWDQGDUGVHTXDOVL]HGVSKHULFDOVDPSOHVDFFRUGLQJWRSDVKDPHWKRG7KHZHLJKWRIVDPSOHVIRUWKHWHVWLVDERXWJ
HDFK7DEOH2YHQGULHGVDPSOHVZHUHSODFHGLQGUXPVPRXQWHGLQWKHUHVSHFWLYHWURXJKVILOOHGZLWKZDWHU7KH
GUXPVZHUHURWDWHGDWUSPIRUDSHULRGRIPLQ$OOVDPSOHVUHWDLQHGLQWKHGUXPVZHUHFDUHIXOO\UHPRYHGDQG
SXWLQWKHRYHQIRUDSHULRGVXJJHVWHGE\$670,650VWDQGDUGV>@DQGWKHRYHQGULHGZHLJKWZDVWDNHQ7KH
VDPSOHVZHUHDJDLQSXW LQ WKHGUXPVDQG WKHZKROHSURFHVVUHSHDWHG7KHILQDORYHQGULHGZHLJKWRI WKHUHWDLQHG
VDPSOHVDIWHUWKHWZHOYHF\FOHVZDVUHFRUGHG7KHGDWDZHUHXVHGWRFDOFXODWHWKH6ODNH'XUDELOLW\,QGH[DIWHUIURP
WKHILUVWWRWZHOIWKF\FOHV

 7DEOH7RWDOZHLJKWRIVDPSOHVVXEMHFWHGWRVODNHGXUDELOLW\WHVW
:HLJKW 'UXPDQGVDPSOH 'UXP 6DPSOHV
6DPSOHV JUDP JUDP JUDP
6   
$QNDUDHWDOG6   
$QNDUDHWDOD6   
5   
$QNDUDHWDOG5   
7KH HTXDO VL]HG VSKHUH DQG URXQGHG VDPSOHV VKRZQ LQ )LJXUH DF ZHUH VXEMHFWHG WR WKH VODNH GXUDELOLW\ WHVW
DFFRUGLQJWRVWDQGDUGV7KHFRQGLWLRQRIVDPSOHVDIWHUWKHWHVWIRUVSKHUHDQGURXQGHGVDPSOHVDOVRVKRZQLQ)LJXUH
EGUHVSHFWLYHO\
 
DGLDPHWHU PP    E

 
F       G

)LJXUH6SKHUHDQGURXQGHGVDPSOHVDQGWKHFRQGLWLRQRIWKHVDPSOHVDWWKHHQGRIWKF\FOH


5HVXOWVDQGGLVFXVVLRQ

,QWKLVVWXG\VODNHGXUDELOLW\WHVWVZHUHFDUULHGRXWIRUFRPSDULVRQRIWKH6',YDOXHV7KH\ZHUHXVHGHTXDOVL]HG
VSKHUH DQG URXQGHG VDPSOHV SUHSDUHG 0DUO EORFN VDPSOHV WDNHQ IURP 7XQFELOHN OLJQLWH PLQH DV D ILUVW LQ WKH
OLWHUDWXUH,QGH[YDOXHVDIWHUWZHOIWKF\FOHIRUHTXDOVL]HGVSKHUHDQGURXQGHGVDPSOHVZHUHIRXQGWREHDQG
IRU,GLQGH[YDOXHVUHVSHFWLYHO\

97 Hü seyin Ankara et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  93 – 98 
,QDGGLWLRQLQGH[YDOXHVRIVSKHUHVDPSOHDIWHUVHFRQGF\FOHZHUHGHWHUPLQHGDVEHWZHHQDQGIRU
,GLQGH[YDOXHVDQGDIWHUIRXUWKF\FOHWKHLQGH[YDOXHVUDQJHGIURPWRIRU,GLQGH[YDOXHV
2QWKHRWKHUKDQGLQGH[YDOXHVRIURXQGHGVDPSOHDIWHUVHFRQGF\FOHZHUHGHWHUPLQHGDVEHWZHHQDQG
IRU,GLQGH[YDOXHVDQGDIWHUIRXUWKF\FOHZHUHUDQJHGIURPWRIRU,GLQGH[YDOXHV,QRUGHUWR
FRPSDUHWKHVODNHGXUDELOLW\LQGH[YDOXHVRIVSKHUHDQGURXQGHGVDPSOHVREWDLQHGE\WKLVVWXG\DQGSUHYLRXVVWXGLHV
FRQGXFWHGE\RWKHUUHVHDUFKHUVWKH\DUHVXPPDUL]HGLQ7DEOH

 7DEOH&RPSDULVRQRIWKHUHVXOWVRIWKHVODNHGXUDELOLW\LQGH[WHVWV
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VWXG\ WKH DYHUDJH LQGH[YDOXHV DIWHU IRXU F\FOHVZHUH IRXQG WREH IRU VSKHUH VDPSOHV DQG IRU
URXQGHGVDPSOHV'XUDELOLW\FODVVLILFDWLRQVRIVSKHUHDQGURXQGHGVDPSOHVDUHDVVHVVHGDVYHU\KLJKGXUDELOLW\DQG
KLJKGXUDELOLW\E\,GUHVSHFWLYHO\,QDGGLWLRQWRWKLVLQGH[YDOXHVRIVSKHUHVDPSOHVDUHYHU\FORVHWRHDFKRWKHU
$IWHUWZHOYHF\FOHVKLJKHULQGH[YDOXHIRU,GZDVREWDLQHGIURPWKHVSKHULFDOVDPSOHVZKHQFRPSDUHG
WRURXQGHGVDPSOHVIRU,G6LPLODUO\WKLVVLWXDWLRQZDVREVHUYHGIRUDOOF\FOHV)LJXUH
CͲ1 CͲ2 CͲ3 CͲ4 CͲ5 CͲ6 CͲ7 CͲ8 CͲ9 CͲ10 CͲ11 CͲ12
2014ͲS 99,60 99,33 99,12 98,93 98,80 98,57 98,40 98,17 98,00 97,81 97,64 97,47
Ankaraet.al,2013dͲS 99,70 99,43 99,23 98,96
Ankaraet.al,2013aͲS 99,60 99,33
2014ͲR 99,45 98,93 98,46 98,03 97,64 97,15 96,65 96,16 95,71 95,30 94,91 94,50
Ankaraet.al,2013dͲR 99,30 98,78 98,31 97,69
Beyhan,2008ͲR 98,50 97,90
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,QWKLVVWXG\VODNHGXUDELOLW\WHVWVZHUHFDUULHGRXWRQWKHVSKHUHDQGURXQGHGPDUOVDPSOHVWDNHQIURP7XQFELOHN
/LJQLWH2SHQ3LW0LQH 7KHXQLTXHUHVXOWVRI WKHVH WHVWVDUHSXEOLVKHGIRU WKHILUVW WLPH  ,QGH[YDOXHVRIVSKHUH
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YDOXHV IRU URXQGHG VDPSOHV DIWHU VHFRQG IRXUWK DQG WZHOIWK F\FOH ZHUH   DQG  UHVSHFWLYHO\
+LJKHULQGH[YDOXHVZHUHREWDLQHGIURPWKHVSKHUHVDPSOHVZKHQFRPSDUHGWRURXQGHGVDPSOHUHVXOWV
,QDGGLWLRQGXUDELOLW\FODVVLILFDWLRQVRIVSKHUHDQGURXQGHGVDPSOHVDUHDVVHVVHGDVYHU\KLJKGXUDELOLW\DQGKLJK
GXUDELOLW\E\,GUHVSHFWLYHO\
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DFFXUDWHUHVXOWVLQWHUPVRIVODNHGXUDELOLW\LQGH[WHVW
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